Background: A disruption of the balance between the water content of the stratum corneum (SC) and skin surface lipids may lead to the clinical manifestation of dryness of skin in patients with atopic dermatitis (AD).
INTRODUCTION
Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by dryness, pruritic and eczematous lesions. Although the complex interrelationship between genetic, environmental, pharmacological, psychological and immunological factors contributes to the pathogenesis of AD, the disruption of epidermal barrier is of considerable importance and has been extensively studied.
Ceramides are the main lipids of the stratum corneum (SC), the outermost layer of epidermis 1, 2 . During keratinization, almost all of the epidermal phospholipids, found abundantly in the basal layer, disappear and ceramides, synthesized de novo from phospholipids intermediates, remain within the SC 2 . Ceramide-rich intercellular lipid lamellae are thought to be of particular importance in maintaining the The Effect of Gromwell Extract in Atopic Dermatitis Patients 57 structural integrity of epidermal barrier 3, 4 . Depletion of ceramides in the SC has been suggested as an etiological factor for dryness and barrier disruption in skin conditions such as AD 5, 6 . In an animal model and patients with AD, reduction of ceramides in epidermis is shown to bear correlation to disruption of epidermal barrier 7, 8 . Furthermore, a negative correlation between SC ceramide content and transepidermal water loss (TEWL) has been reported in AD patients 7 .
Gromwell (Lithospermum erythrorhizon) has been used as an herbal medicine for treatment of various abnormal skin conditions including wounds, inflammation and healing burns 9 . When the systemic efficacy of gromwell is examined in hyperproliferative epidermis of essential fatty acid (EFA) deficient guinea pigs in our previous study, gromwell supplementation was effective in reversing epidermal hyperproliferation in parallel with a marked increase of ceramides 10 . Although the systemic efficacy of gromwell on skin was reported in a few studies including our previous study 10, 11 , most of efficacies of gromwell in skin such as antiproliferative, antimicrobial and anti-inflammatory activities have been reported mostly based on topical application 11, 12 and only limited information is available for the systemic efficacy of gromwell on skin. In this study, we investigated whether supplementation of gromwell may improve the epidermal level of hydration and ceramides in patients with AD.
MATERIALS AND METHODS

Preparation of gromwell extracts
Gromwell (the dried root of Lithospermum erythrorhizon Sieb et Zucc) were prepared as dried powder from 70% ethanol extracts, and provided by Amorepacific Corporation R&D Center (Gyeonggido, Republic of Korea) and Nutrex Co., Ltd (Seoul, Republic of Korea). Gromwell (100 g) was cut into small pieces and extracted with 500 ml of 70% ethanol at room temperature for 12 hours with stirring. The extraction procedure was repeated twice. Each of the combined extracts was filtered through Whatman No. 2 paper and lyophilized to yield 30.0 g of 70% ethanol extract of gromwell. For the preparation of gromwell capsule, lyophilized powder of 70% ethanol extract of gromwell was mixed with dextrose in the ratio of 50：50 (w/w).
Patients and administration of gromwell extract
Subjects were recruited via advertisements from an existing pool of outpatients visiting Dermatology clinic in KyungHee Medical Hospital Center in Seoul, Korea. Initially acceptable volunteers, ie, those who were nonsmokers; not suffering from acute or serious chronic diseases other than AD; not taking prescription of systemic medication for at least 10 weeks prior to this study; not taking vitamin, mineral, or lipid supplements for the past month took part in the present study. All of the subjects, who had given their informed consent, had AD as identified through clinical assessment. The study protocol was approved by the KyungHee Medical Hospital Center Human Investigation Review Committee. All measurements in this study were performed from November 10 th 2004 to August 12 th 2005. In this double-blind, placebo-controlled protocol, subjects were randomly assigned to either the placebo (14 subjects) or the gromwell (14 subjects) group. Each group received 3 placebo or gromwell capsules per day. Each gromwell capsule contained 1.0 g of mixture with 70% ethanol extract powder of gromwell and dextrose (50：50, w/w; 0.5 g gromwell extract/capsule) and each placebo capsule contained 1.0 g of dextrose only. Total amount of gromwell provided by gromwell capsules per day was 1.5 g. The subjects consumed the capsules daily for 10 weeks while continuing their typical food intake, dietary habits and lifestyle. An adequate number of capsules were given to subjects on weekly basis. Compliance was monitored by capsule count. During the period of this study, subjects were required to abstain from taking any other supplements or any other systemic medications except two kinds of H1-antihistamines (Azeptin Ⓡ and Ebastel Ⓡ ), and all subjects used the same dosage and frequency of these two antihistamine medications. All subjects (both placebo and gromwell group) also applied weak topical steroid agents (1% hydrocortisone lotion). Also, all subjects were not allowed to use any other moisturizers except these agents during the period of this study.
Assessment of clinical severity of AD
The objective SCORAD (SCORing Atopic Dermatitis: score range 0-83) combines an assessment of disease extent using the rule of nines with six clinical features of disease intensity: erythema/ darkening, edema/papulation, oozing/crust, excoriation, lichenification and dryness. Dryness is evaluated on noninflammed skin. The other features are assessed on an average representative area for a given intensity item, each on a scale of 0-3 (0-absent, 1-mild, 2-moderate, 3-severe). The SCORAD score is calculated as follows: SCORAD =A/5＋7(B/2), where A=The extent score based on body surface area calculated using the 'Rule of 9'; B= Intensity score based on 6 clinical findings, graded on a scale of 0-3. A higher score indicates more severe disease. The following cut-off points for objective SCORAD have been suggested for classification of disease severity: mild AD, score ＜15; moderate AD, score 15∼40; and severe AD, score ＞40
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. Only patients with mild to moderate severity of AD (SCORAD ＜40) were admitted in this study in order to determine whether the alterations in the SC level of either hydration or ceramides bear a close-enough correlation to the clinical severity in mild to moderate status of AD.
Assessment of SC hydration
Under the standardized room conditions of 22∼ 24 o C and 55∼60% humidity, SC hydration was measured on the lesional forearms of subjects at 0 and 10 weeks using a corneometer (Corneometer MPA-5, Courage-Khazaka, Cologne, Germany). The degree of epidermal skin humidity is indicated in a system-specific unit. One unit corresponds to a water content of stratum corneum of 0.02 mg/m 2 , for a measurement depth of 20 nm. Data are expressed as capacitance (au).
Analysis of SC ceramides
SC was stripped from the lesional forearms using 10 tape strips (14 mm D-SQUAME Ⓡ Tape: CuDerm corporation, Dallas, Texas, USA). All tapes were stored at 20 o C until required. Corneocytes were removed from the tapes by sonication in methanol and the lipids were extracted in folch solution (CHCl 3 : MeOH (2：1, v/v) as reported previously 14 . The extracted lipids (lower phase) were subjected to high performance thin layer chromatography (HPTLC) on 0.20-mm silicagel 60-coated plates (Whatman, Clifton, NJ) according to the modified method reported by Uchida et al 15 . Specifically, the samples applied on the plates were first eluted up to 1.0 cm and then up to 3.5 cm using a CHCl 3 
Anthropometric evaluation
To evaluate the adverse systemic effects of longterm intake of gromwell extracts, anthropometric measurements were taken at 0 and 10 weeks. Standing height (wall mounted Harpenden stadiometer) and weight (digital electronic scales) were measured. Body mass index (BMI) was calculated from the ratio of weight to height. Protein mass, mineral mass and fat mass were assessed according to Murgatroyd et al 16 and lean body mass and body water mass were assessed according to Durnin et al 17 . Body water is known to broken down into three fluid compartments: Intracellular fluid (2/3 of Body Water), Plasma (1/15 of Body Water), and Intercellular fluid (4/15 of Body Water), thus, we calculated the quantities of intracellular fluid and extracellular fluid through these formulas. The basal metabolic rate (BMR) is measured in Calories and is primarily accounted for by the activity of the brain, heart, liver, and kidneys. The Harris-Benedict equations are commonly used for calculation of the BMR in adults. BMR for men (kcal)=66＋13.7 (weight in kg)＋5 (height in cm) 6.8 (age in years), BMR for women (kcal)=655＋9.6 (weight in kg)＋ 1.85 (height in cm) 4.7 (age in years).
Biochemical analysis of nutritional status
After fasting overnight, blood was collected and biochemical analysis of nutritional status was determined at weeks 0 and 10 in all subjects. The plasma was separated within 30 minutes, and samples were kept frozen at 70 o C, if not analyzed immediately. All parameters were measured by routine methods at the Department of Laboratory medicine, KyungHee Medical Hospital Center, Seoul, Korea. 
Patient assessments of pruritus at 10 weeks after treatment
The cardinal feature of AD is significant pruritus or itching that often interferes with sleep and daily activities. Pruritus leads to scratching, which can result in skin changes such as lichenification, excoriation, and breakdown of the skin barrier, eventually leading to infection. Patient's self-assessment of pruritus was obtained by recording the number of scratch per day before and after in all subjects 18 . Each patient recorded the number of scratch per day for 1 week (both 7 days before treatment and 7 days at 10 weeks). Improvement was evaluated by the average reduced number of scratch per day: none (not improved), mild (less than 25% of change in number of scratch), moderate (25 to 50% of reduced number of scratch), good (50 to 75% of reduced number of scratch) and excellent (more than 75% of reduced number of scratch).
Statistical analysis
Statistical analysis was carried out with SAS statistical software package (version 9.13; SAS institute, Cary, NC) and Peism 4.0 software (Graph Pad, San Diego, CA). The homogeneity of the treatment groups with respect to age, baseline SCORAD were tested descriptively at the significance level of p-value＜0.05 using the independent sample t-test. Data within each group were analyzed by paired student's t-tests. The comparison of change between groups was conducted by using student's t-test. Correlation between the % increase of SC hydration and the SCORAD scores was determined using Pearson correlation test. p-values ＜0.05 were considered to be statistical significance.
RESULTS
General characteristics and clinical improvement in subjects
A total of 28 subjects entered the study, with 28 completing 10 weeks of the study. The 28 patients (16 male, 12 female) ranging in the age from 14 to 39 years randomized into either placebo or gromwell groups. No statistically significant differences were noted in mean ages, male/female ratio and clinical severity of atopic dermatitis (SCORAD) between the two treatment groups ( Table 1 ). The mean SCORAD of these two groups are not significantly different (SCORAD mean in placebo group: 14.9±6.3; SCORAD mean in gromwell group: 14.4±6.2). In gromwell group, SCORAD at week 10 (10.2±4.2) was significantly decreased compared to at week 0 (p-value=0.0005), but in placebo group, SCORAD was not significantly decreased at week 10 (13.5±5.6) compared to at week 0 (p-value=0.08).
Effect of gromwell on SC hydration
Contrast to no significant difference of epidermal hydration at 0 and 10 weeks in placebo group, SC hydration at week 10 was significantly increased compared to at 0 week in gromwell group (p-value =0.02 by paired T-test) ( Table 2 ). These data, coupled with no difference of SC hydration at 0 week in placebo and gromwell groups, demonstrated that gromwell supplementation for 10 weeks significantly enhanced SC hydration in patient of AD. 
Effect of gromwell on SC ceramide levels
Analysis of ceramides in SC revealed that the level of ceramide in the epidermis of gromwell group was significantly increased at 10 weeks (p-value= 0.0001) ( Table 3 ). In contrast, the levels of ceramides at 0 and 10 weeks in placebo group were not significantly different. These results indicate that gromwell supplementation induced the accumulation of ceramides in epidermis, ultimately enhancing SC hydration.
Correlation between SC hydration and SCORAD score of subjects Although enhanced SC hydration (Table 2) was associated with increased level of ceramides in SC of gromwell group (Table 3) , there was no significant correlation between either the absolute level or % increase of ceramide and SCORAD score (data not shown) in gromwell group. However, a highly significantly positive correlation between the % increase of SC hydration and SCORAD score was observed in the gromwell group (r=0.506, p= 0.046) (Fig. 1) .
Anthropometric analysis and biochemical analysis of nutritional status
There were not significant differences in all parameters of anthropometric analysis between at 0 and at 10 weeks (Table 4) . In routine biochemical analysis of nutritional status, several factors such as levels of AST in placebo group, and phospholipid in gromwell group were significantly elevated after 10 weeks (Table 5) . However, the levels of these two factors were still within the normal ranges, therefore regarding as no inducement of adverse effects on biochemical analysis. These results suggest that gromwell is well tolerated as a supplement and does not have adverse effects in patients with AD.
The effect of gromwell extract on pruritus of AD Patient assessment of pruritus at 10 weeks after treatment were as follow : In gromwell group, one patient reported no improvement, three patients reported mild improvement, six patients reported moderate improvement, three patients reported good improvement, and one patient reported excellent improvement. On the other hand, in placebo group, six patients reported no improvement, seven patients reported mild improvement, one patient reported moderate improvement (Table 6 ). Thus, we concluded that the gromwell extract was effective for pruritus of AD compared to plcebo group.
DISCUSSION
AD skin tends to be easily irritated and appears dry. AD has been shown to be accompanied by impairement in the epidermal barrier function including reduced water content and an augmentation in TEWL due to the alteration of SC lipid profile. In mild and moderate AD, moisturizing and emollient creams are known to be effective through an increase of skin hydration and improvement of barrier function [19] [20] [21] [22] . Tabata et al 21 indeed demonstrated that repeated daily applications of moisturizers, without any pharmacologically active agent, can induce long-lasting hydration effects in AD patients.
In the epidermis, ceramides combined with cholesterol and free fatty acids, are particular important in maintaining the extracellular lamellar membrane structure of epidermal barrier 23 . Depletion of ceramides has been suggested to be an etiological factor for epidermal barrier disruption, the decrease of SC hydration, increased TEWL and epidermal hyperproliferation 10 . We focused on reduced water content rather than TEWL for evaluating the effect of gromwell extract on SC ceramide.
Ceramides bearing the moieties of amide-linked non-hydroxy acid, α-hydroxy acid, or ω-hydroxy acid and ester-linked fatty acids on sphingosine provide the driving force for lamellar assembly 24 , and these structural moieties are thought to be important in maintaining the structural integrity of epidermal barrier against water loss through the skin 3, 4 . Correspondingly, decreases in the level of ceramides have been associated with skin conditions involving dryness and barrier disruption, such as AD 5, 6 , essential fatty acid deficiency (EFAD) 25, 26 , xerosis 27 and psoriasis 15, [28] [29] [30] [31] [32] [33] [34] . Extremely high activities of ceramidase 7 and sphingomyelin deacylase 35 , which hydrolyze sphingomyelin into sphingophosphorylcholine and free fatty acid, have been demonstrated to be the metabolic features leading to low levels of ceramides in the SC in AD. The patients with AD in preclinical stages have altered proportions of ceramides in their skin 36, 37 as a result of alterations in the activity of enzymes involved in the biosynthetic pathways of ceramide production 38, 39 . IgE (IU/ml)
ALT (U/L) 40 demonstrated that there is a marked decrease in ceramide level within the SC of both uninvolved and involved skin of patients with AD. Yamamoto et al. 41 observed that the relative amounts of all the stratum corneum lipid classes including squalene, cholesterol esters, wax esters, triglycerides, free fatty acids, cholesterol, ceramides, cholesterol sulphate and phospholipids did not differ statistically between AD patients and controls but, a significant decrease in proportion of ceramide 1. On the other hand, the fatty acid compositions as well as the proportions of C16:1 straight-chain component in sebum wax esters of AD patients were very similar to those of controls. Di Nardo A et al. 36 analyzed the relationship between epidermal lipids and barrier impairment in the skin of patients with AD. In this study, patients with AD, the levels of ceramide 1 and 3 were significantly lower and values of cholesterol significantly higher with respect to healthy subjects. Thus, SC ceramide deficiency can be thought to play a major role in barrier impairement of AD lesional skin. Therefore, we only measured the level of SC ceramide, but not the other SC lipid contents. Thus, ceramide-containing, or ceramideenhancing in the epidermis products may be of value in preventing the expression of eczema and decreasing the need for topical steroids and im- Gromwell, a plant species of the Boraginaceae family, referred to as zicao in China, shikon in Japan, and jacho in Korea, has been used as an herbal medicine for the treatment of wounds and inflammation and the healing burns 9 , and has also been used as a colorant in cosmetics, fabrics, and foods in diverse cultures 42, 43 . Additionally, it has been used for the production of traditional liquor (Jindo hongju) in Korea 44, 45 . As for bioactive components, naphthaquinones such as shikonin and its derivatives have been characterized mostly in organic extracts of gromwell 12, 46, 47 which have antiproliferative activities in various cancer cells with several mechanisms of action, such as inhibition of DNA topoisomerase, induction of apoptosis by caspase-3 activation, and anti-proliferative activity with down-regulation of activated extracellular signal-regulated kinase (ERK) and activation of phosphorylated Jun N-terminal kinase (JNK) [48] [49] [50] [51] . In previous study, both the organic extract and the water extract of gromwell showed anti-proliferative activity, which suggests that well-characterized bioactive components such as napthaquinones or fatty acids might be extracted with water as well as with organic solvents 10 . In this study, to examine the localization and distribution of substances within the SC, skin surface tape stripping with adhesive tape is a widely accepted and used method. The measurement of skin surface hydration state was evaluated by Corneometer. We definitely found that the SC hydration value in gromwell group was much higher than in placebo group, and also SC ceramide composition was increased significantly in gromwell group. We could suggest that increased SC ceramide composition after 10-week intake of gromwell could contribute to the improvement of skin hydration. The results of clinical studies suggest that these deficits can be addressed through the judicious use of appropriate moisturizers, which have been shown to improve skin hydration, reduce susceptibility to irritation, and restore the integrity of the SC. And also, we could find that significant decrease of SCORAD was shown in gromwell group and significant positive correlation was observed between the level of SC hydration and SCORAD score. We could demonstrate that supplementation of gromwell improved SC hydration with a marked increase of SC ceramides, and could relieve pruritic symp-tom. However, there was no significant correlation between the level of SC ceramide and SCORAD score (data not shown). Since SC hydration is maintained also with complex mixtures of water soluble compounds named as natural moisturizing factor (NMF) as much as with ceramides 52 , no correlation between SC ceramides and SCORAD score could be explained possibly by the requirement of either increase of NMF only or synergism of NMF and ceramides for enhancing SC hydration of patients with in moderate clinical severity status. Although the enhanced SC hydration in gromwell group could not be explained solely by the increase of SC ceramide in case of moderate clinical severity status of AD, our data in Fig. 1 clearly demonstrated that supplementation of gromwell was more effective in improving SC hydration of patients with AD in moderate clinical severity status rather than in mild severity. The influence of gromwell extracts on other moisturizing factors rather than ceramide would need more study.
Nowadays, many people are interested in functional foods, and the benefits of functional foods are overrated and excessively publicized in comparison with the actual established clinical effects. Although, moisturizing agents are not the definite treatment for AD, the repairement of skin barrier is important in patients with AD. The Gromwell (Lithospermum erythrorhizon) is thought to the safe functional food that can be used for improving SC hydration in dry skin condition of AD.
